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(57) ABSTRACT 

The described embodiments of the invention relate to a 
voltage reference generator Which can be produced using 
neW process technologies and Which is still compatible With 
older designs/products. This is achieved by the introduction 
of circuitry to generate an offset voltage independently of the 
main reference voltage generation circuitry. 

5 Claims, 1 Drawing Sheet 
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VOLTAGE REFERENCE GENERATOR 

PRIORITY CLAIM 

This application claims priority from European patent 
application No. 022554828, ?led Aug. 6, 2002, Which is 
incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates generally to a voltage ref 
erence generator. 

BACKGROUND 

When designing circuits for generating voltage references 
using modern high speed processes, it is often the case that 
the optimal or natural value for the reference voltage (Vref) 
is loWer than the optimal value of the reference voltage in 
designs using older processes. In particular, the value of the 
voltage generated in the design of an industry standard 431 
type reference generator is based around the base emitter 
voltage Vbe of a bipolar transistor. In circuits manufactured 
using more up to date process technology, this Vbe is 
generally loWer than older process technology, so that the 
same circuit design generates a loWer reference voltage. 

This poses a problem When there is a requirement to 
produce a reference voltage Which is compatible With older 
designs/products: the neW process technology Would typi 
cally produce a reference voltage that Was a little too loW for 
the older design. Similarly, a dif?culty arises When an older 
product needs to be transferred to neWer process technology. 

The “correction” required is often only in the region of a 
feW tens of mV, but should preferably be nearly constant 
With temperature so as not to degrade the performance of the 
circuit using the reference voltage, or the reference itself as 
this is ideally constant in temperature. 
AknoWn design to produce a variable voltage reference is 

shoWn in the circuit of FIG. 1. The circuit comprises a 
bipolar transistor TR1 having its collector connected to a 
supply voltage rail VDD, its base connected to an input node 
4 and its emitter connected via a resistor chain to the loWer 
supply rail GND. The resistor chain comprises three resis 
tors RA, RB and RC. A VPTAT (voltage proportional to 
absolute temperature) generator 6 is connected to supply a 
voltage that is proportional to absolute temperature across 
the middle resistor, RB. That voltage may typically be 60 
mV at room temperature. This voltage sets the current I 
through the resistive chain RA, RB, RC. The values of the 
resistors RA, RB and RC are selected so that the total 
voltage Vw, across the resistor chain is roughly equal to the 
base emitter voltage Vbe of the transistor TR1, that is around 
0.62 V. Since the base emitter voltage of the transistor TR1 
has a negative temperature coef?cient and the voltage Vwt 
across the resistive chain has a positive temperature coeffi 
cient, the net effect is a reference voltage Vref, taken at the 
input node 4, Which is very stable With temperature. 

Acircuit of the form illustrated in FIG. 1 is used in many 
products such as an industry standard 431 type voltage 
reference generator, and has a voltage reference value Vref 
of 1.24 V. If that circuit Were to be produced using modern 
process technology, the reference voltage could fall to 1.20 
V. This is mainly because the base emitter voltage of the 
NPN transistor TR1 is loWer using modern process technol 
ogy, for eXample around 0.6 V. Therefore the optimal 
selection of the resistor values RA, RB, RC to maintain 
temperature stability of the reference voltage sets Vw, at 
around 0.6 V. 
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2 
SUMMARY 

According to one aspect of the present invention, there is 
provided a voltage reference generator circuit for generating 
a reference voltage of a predetermined value comprising: 
?rst circuitry adapted to generate a ?rst voltage Which is 
substantially independent of temperature and related to a 
component parameter susceptible to variations With process 
technology; second circuitry adapted to generate an offset 
voltage of a value such that the sum of the ?rst voltage and 
the offset voltage is said predetermined value, and Wherein 
the second circuitry comprises components Whose param 
eters are variably selectable Without affecting the ?rst volt 
age. 

In the described embodiment, the ?rst circuitry comprises 
a bipolar transistor, the base emitter voltage of Which is 
susceptible to variations With process technology. Therefore, 
the ?rst voltage varies With process technology. The offset 
voltage can be set to provide the required reference voltage 
depending on the value of the ?rst voltage according to the 
process technology Which is being used. 

Another aspect of the invention provides a voltage refer 
ence generator circuit comprising: a ?rst bipolar transistor 
connected in series With a resistive chain betWeen upper and 
loWer supply rails and having an input node at its base; a 
current generating circuit connected to supply a current to a 
node of said resistive chain, said resistive chain including a 
compensation resistor connected betWeen said node and said 
loWer supply rail; voltage generating means for generating a 
voltage proportional to absolute temperature across a current 
setting resistor of said resistive chain; Wherein the resistive 
value of the compensation resistor is selectable indepen 
dently of the values of other components in the resistive 
chain, Whereby an offset voltage across said compensation 
resistor is independently settable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention and to 
shoW hoW the same may be carried into effect, reference Will 
noW be made by Way of eXample to the accompanying 
draWings, in Which: 

FIG. 1 is a schematic diagram of a knoWn voltage 
reference generator; and 

FIG. 2 is a schematic diagram of a voltage reference 
generator in accordance With one embodiment of the inven 
tion. 

DETAILED DESCRIPTION 

The folloWing discussion is presented to enable a person 
skilled in the art to make and use the invention. Various 
modi?cations to the embodiments Will be readily apparent to 
those skilled in the art, and the generic principles herein may 
be applied to other embodiments and applications Without 
departing from the spirit and scope of the present invention. 
Thus, the present invention is not intended to be limited to 
the embodiments shoWn, but is to be accorded the Widest 
scope consistent With the principles and features disclosed 
herein. 

In FIG. 2, like parts are denoted With like designators as 
in FIG. 1. In particular, the circuit of FIG. 2 includes the 
bipolar transistor TR1 connected to the resistive chain RA, 
RB, RC. The VPTAT generator circuit 6 is not shoWn in FIG. 
2 but exists to generate the voltage proportional to absolute 
temperature in the same manner as explained With reference 
to FIG. 1. 
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The resistive chain RA, RB, RC terminates in a node 8 
Which is connected to the loWer supply rail GND via a ?rst 
compensation resistor Rcompl. A second compensation 
resistor Rcomp2 is connected betWeen the node 8, the base 
and collector of a second bipolar transistor TR2 and one side 
of a current source 10. The other side of the current source 
10 is connected to the upper supply rail VDD. 

The emitter of the second bipolar transistor TR2 is con 
nected to the loWer supply rail GND. The reference voltage 
Vref is taken betWeen the input node 4 and the loWer supply 
rail GND. The idea underlying the circuit of FIG. 2 is that 
the value of the resistors RA, RB and RC are selected so that 
the voltage across them is roughly equal to the base emitter 
voltage Vbe of the transistor TR1. This provides a voltage 
Which is relatively stable With temperature but, it Will be 
recalled, is therefore someWhat set by the base emitter 
voltage Vbe of the ?rst transistor TR1. When using modern 
process technology, this is loWer than With older process 
technologies, and may be of the order of 0.6 V. To take 
account of this, an offset voltage is generated across the ?rst 
compensation resistor Rcompl. Thus, the reference voltage 
Vref is given as folloWs: 

The offset voltage Vo?m is generated as folloWs. The 
current source 10 biases the second bipolar transistor TR2. 
This produces a current through the second compensation 
resistor Rcomp2 Which is proportional to the base emitter 
voltage Vbe2 of the second bipolar transistor TR2. The 
current through the ?rst compensation transistor Rcomp1 is 
the sum of the current through the second compensation 
resistor Rcomp2 and the current I through the current setting 
resistor RB and thus through the resistive chain as a result 
of the voltage proportional to absolute temperature gener 
ated across the resistor RB. By suitable selection of the 
values of the compensation resistors Rcomp1 and Rcomp2, 
the offset voltage Vo?m can be set at the absolute value 
required to correct the overall reference voltage generated 
by the circuit. In addition, the offset voltage is independent 
of temperature because the slight decrease With temperature 
exhibited by the effect of the second transistor TR2 on the 
current I2 through Rcomp2 is offset by the increase in I With 
temperature. The currents I and I2 are roughly of the same 
magnitude in one embodiment of the present invention. 

The embodiment of the voltage generator described above 
With reference to FIG. 2 may be incorporated into an 
integrated circuit such as a memory device, Which may, in 
turn, be incorporated into an electronic system such as a 
computer system. 
From the foregoing it Will be appreciated that, although 

speci?c embodiments of the invention have been described 
herein for purposes of illustration, various modi?cations 
may be made Without deviating from the spirit and scope of 
the invention. 

What is claimed is: 

1. A voltage reference generator circuit comprising: 
a ?rst bipolar transistor connected in series With a resis 

tive chain betWeen upper and loWer supply rails and 
having an input node at its base; 

a current generating circuit connected to supply a current 
to a node of said resistive chain, said resistive chain 
including a compensation resistor connected betWeen 
said node and said loWer supply rail; 
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4 
voltage generating means for generating a voltage pro 

portional to absolute temperature across a current set 
ting resistor of said resistive chain; 

Wherein the resistive value of the compensation resistor is 
selectable independently of the values of other com 
ponents in the resistive chain, Whereby an offset voltage 
across said compensation resistor is independently set 
table. 

2. Avoltage reference generator circuit according to claim 
1, Wherein the current generated by the current generating 
circuit is supplied through ?rst and second compensation 
resistors. 

3. A voltage generator, comprising: 
an offset circuit operable to develop an offset voltage and 

operable to adjust the offset value as a function of 
temperature; 

a voltage generation circuit coupled to the offset circuit, 
the voltage generation circuit operable to develop a ?rst 
reference voltage and adjust the value of the ?rst 
reference voltage as a function of temperature, and 
operable to provide an output reference voltage equal to 
the ?rst reference voltage plus the offset voltage; 

Wherein the voltage generation circuit includes, 
a bipolar transistor having a base-emitter voltage that is a 

function of temperature; 
the offset circuit includes a bipolar transistor having a 

base-emitter voltage that is a function of temperature; 
and 

Wherein the voltage generation circuit includes, 
a resistor netWork coupled betWeen an emitter of the 

bipolar transistor and a node; 
the offset circuit comprises a resistive element having a 

?rst terminal coupled to the node and a second terminal 
adapted to receive a reference voltage; and 

Wherein the offset circuit further comprises: 
a current source having a ?rst terminal adapted to receive 

a supply voltage and a second terminal; and 
a resistive element having a ?rst terminal coupled to a 

base of the bipolar transistor and a second terminal 
coupled to the node; and 

Wherein a collector and the base of the bipolar transistor 
are coupled to the second terminal of the current source 
and an emitter of the bipolar transistor is adapted to 
receive a reference voltage. 

4. An integrated circuit, comprising: 
a voltage generator, comprising, 
an offset circuit operable to develop an offset voltage and 

operable to adjust the offset value as a function of 
temperature, Wherein the offset circuit includes a bipo 
lar transistor having a base-emitter voltage that is a 
function of temperature, and 

a voltage generation circuit coupled to the offset circuit, 
the voltage generation circuit operable to develop a ?rst 
reference voltage and adjust the value of the ?rst 
reference voltage as a function of temperature, and 
operable to provide an output reference voltage equal to 
the ?rst reference voltage plus the offset voltage, 
Wherein the voltage generation circuit includes a bipo 
lar transistor having a base-emitter voltage that is a 
function of temperature; 

Wherein the voltage generation circuit includes, 
a ?rst bipolar transistor connected in series With a resis 

tive chain betWeen upper and loWer supply rails and 
having an input node at its base; 

voltage generating means for generating a voltage pro 
portional to absolute temperature across a current set 
ting resistor of said resistive chain; and 
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wherein the offset circuit includes, ponents in the resistive chain, Whereby an offset voltage 
a current generating circuit connected to supply a current across said cornpensation resistor is independently set 

to a node of said resistive chain, said resistive chain table. 
including a compensation resistor connected betWeen 5. The integrated circuit of claim 4 Wherein the integrated 
said node and said loWer supply rail; and 5 circuit comprises a memory device. 

Wherein the resistive value of the compensation resistor is 
selectable independently of the values of other corn- * * * * * 


